Reproductive character displacement is known to occur at the borders of a secondary contact zone between the two European subspecies of the house mouse (in Jutland, Denmark), where selection against hybridization occurs. This study assessed patterns of mate preference in naturally occurring hybrids of the two subspecies. Mate odour choice was investigated in male and female mice sampled across the hybrid zone. Odour samples comprised urine (from the opposite sex to the test animal) obtained from populations geographically distant from the hybrid zone. Urine is known to carry subspecies recognition signals. The behavioural results changed across the hybrid zone, and were analysed by a model of clinal variation. This behavioural cline was compared with the allozyme cline across the same hybrid zone. Males on both sides of the hybrid zone showed an assortative preference, which shifted significantly and abruptly B10 km from the genetic centre of the hybrid zone on the Mus musculus musculus side. Directional preference was not detected in females, which could relate to variation in sexual receptivity. Our model indicates that the peculiar pattern of male preference could involve several genes and be characterized by mild to strong epistasis favouring the expression of M. m. domesticus-like preference over a large portion of the hybrid zone. This study may provide the first picture of the genetic determination of mate preference in a mammal.
Introduction
Members of a species share the same mate recognition system (Paterson, 1985; Littlejohn, 1993; Ryan and Rand, 1993; Lambert and Spencer, 1995) , a characteristic that is expected to restrict hybridization. Nonetheless, mixed breeding occurs when the mate recognition system is not specific enough (Rhymer and Simberloff, 1996; Bronson et al., 2003; Rosenfield and Kodric-Brown, 2003) .
Hybrids have been found to have mating signals with intermediate characteristics, or to exhibit novel elements (Wells and Henry, 1998; Vedenina and Helversen, 2003) , as well as to express preferences different from the parental forms (Wells and Henry, 1998) . How hybridization affects the mate recognition system is an important question, which could provide an insight into the characteristics and the mode of inheritance of mate recognition systems (Hatfield, 1997) . Natural hybrid zones are ideal geographical settings to compare the recognition system of parental forms and their hybrids. This applies particularly to unimodal hybrid zones, which are made of a continuum of hybrid populations resulting from multiple crossing and back-crossing of hybrids.
The aim of this study was to assess the influence of hybridization on patterns of preference for parental type odorant mate signals across a unimodal hybrid zone between the two European subspecies of the house mouse, Mus musculus musculus and M. m. domesticus. The two house mouse subspecies interbreed in zones of secondary contact that form a long and narrow hybrid zone running from Denmark to the Black sea (Boursot et al., 1993; Orth et al., 1996; Payseur et al., 2004; Macholán et al., 2007) . Our study concerns the northernmost part of the house mouse hybrid zone, namely, central Jutland in Denmark (Raufaste et al., 2005) . The Danish hybrid zone is one of the most extensively studied in the house mouse (Britton-Davidian et al., 2005; Dod et al., 2005; Raufaste et al., 2005 and references therein) . Recently, an analysis of the patterns of allele frequency change at eight diagnostic autosomal allozyme loci across the Danish hybrid zone (Raufaste et al., 2005) confirmed that the hybrid zone conformed to the tension model, that is, a zone maintained by the balance between migration of parental forms into the hybrid zone and selection against hybridization (Barton and Hewitt, 1985) . Raufaste et al. located the centre of this zone and calculated the intensity of the barrier to gene flow (of the order of 20 km on each side). Moreover, there is indirect evidence for reduced fitness of hybrids from data on variation of parasite loads across the zone (Moulia et al., 1991) and from data on reduced testis size, very high sterility rates of males and substantial reduction of fertility of females in F1 crosses between Danish strains (Britton-Davidian et al., 2005) . Finally, the transition from the M. m. domesticus to the M. m. musculus variant of chromosome Y is very steep and occurs at the centre of the hybrid zone, indicating that this chromosome could be under strong selection in the hybrid genome (Dod et al., 2005) .
Behavioural investigations involving the two subspecies from the borders of the zone have revealed assortative preference in males and females based on signals present in the mouse urine (Smadja and Ganem, 2002; Smadja et al., 2004) . Moreover, the outcome of preference trials was consistent with direct observations of sexual interactions between the mice (Smadja and Ganem, 2002) . Preference was found to be more marked in M. m. musculus than in M. m. domesticus, and in contact zone populations than in allopatric populations, suggesting an asymmetrical pattern of reproductive character displacement (Smadja and Ganem, 2005) .
The present study addressed preference in hybrid mice for odorant stimuli sampled in populations that were geographically distant from the hybrid zone. Our aim was to obtain geographically neutral signals. In doing so, we were aware that the signals that we presented to the mice were unfamiliar, which therefore excludes any mechanism of preference based on 'recognition by association' or familiarity (Tang-Martinez, 2001) . If preference occurred, we expected it to be because of 'phenotype matching', that is, the mouse compares the stimuli to a complex template built during ontogeny sensu lato, or due to a 'self-referencing' mechanism (Hauber and Sherman, 2001) . Recent studies strongly suggest that assessment of odour similarity and genetic relatedness in the house mouse may involve a comparison with its own odour characteristics (Heth et al., 2003; Todrank et al., 2005) .
We know that odour cues of populations of the two subspecies both in the border of the hybrid zone and in allopatry diverge, although to a lesser extent in the latter (Smadja and Ganem, 2008) . If allopatric signals are different enough to be discriminated by mice from the hybrid zone, we expected both the recognition mechanisms mentioned above to lead to assortative preference in mice from the borders of the hybrid zone. However, a more variable pattern was expected among populations in the centre of the zone because of their variable genetic background and their heterogeneous social environment (that is, a given individual interacts with more than one genetic type in its social environment). Furthermore, preference of hybrids could not be predicted as it is also expected to depend on the genetics underlying the preference traits (for example, dominance).
This study reports results based on measures of preference for opposite sex odour stimuli in wild mice sampled across the hybrid zone. We constructed the best fit describing the geographical variation in the behavioural trait (with location being described by the geographical coordinates of the mice trapping sites in the hybrid zone). We estimated the shape and location of the preference cline and compared its characteristics with those of the allozyme cline analysed by Raufaste et al. (2005) . Our analysis provides indirect information on the possible genetics underlying mate odour preference.
Materials and methods
Mice and the study area Mice were trapped in farm buildings along a north-south transect across the hybrid zone of central Jutland in Denmark, and were obtained from 46 different locations. Social structure of populations of mice found in commensal habitats is typically hierarchical with social groups made up of a dominant male, several females and a small number of related sub-adult and juveniles (Van Zegeren, 1980) . Both males and females mark the group territory with their urine (Hurst, 1990a, b) .
Only mice trapped as adults were used in the behavioural tests (to ensure that their social ontogeny had taken place in natural conditions). Most trapping occurred in October and November 1998. Several additional farms at the borders of the hybrid zone were sampled in June 2000. The presence of pregnant and juveniles indicated that reproduction was taking place during the two trapping sessions.
The names of the trapping sites and their geographical coordinates are given in Table 1 . Raufaste et al. (2005) calculated coordinates for each locality by projecting their geographical coordinates onto a line, which followed the direction of maximum gradient changes of allele frequency for eight diagnostic autosomal loci across the hybrid zone. We used the calculations of these authors as well as their estimates for the position of the centre of the zone to assign each trapping site to a distance from that centre. Mice trapped in sites with projected coordinates north of the centre were considered to carry M. m. musculus-like genomes (and to be on the musculus side), and those located south of the centre were considered to carry M. m. domesticus-like genomes (and to be on the domesticus side). This classification is consistent with both the allozymes and the Y-chromosome clines (Dod et al., 2005) . Following this criterion, our study sample consisted of 64 mice of the M. m. domesticus type and 153 mice of the M. m. musculus type. The larger number of mice of the musculus type is due to the asymmetrical shape of the Danish hybrid zone: larger on musculus than on domesticus side (Raufaste et al., 2005) . The average hybrid index (HI, % of M. m. musculus alleles) for the eight diagnostic alleles (Amy, Es1, Es10, Es2, Gpd, Mpi, Np and Pgm) involved in the Raufaste et al. study was obtained for each of our trapping sites from the authors (Table 1) .
Experimental procedure: the urinary stimuli Urine was collected from strains derived from wild-caught mice sampled in locations distant from the areas where the two subspecies are in contact, and maintained in standardized laboratory conditions. The breeding procedure had been designed to avoid strong inbreeding. The strains were as follows: M. m. musculus: 'MH'-Hungary (11 generations of breeding) and 'MPB'-Poland (11 generation of breeding); M. m. domesticus: 'BIK'-Israel (34 generations of breeding) and 'BZO'-Algeria (28 generations of breeding). They were obtained (except for MH) from the genetic house mouse repository (http://www.univ-montp2.fr/ genetix/souris.htm). Mice were housed in pairs and were fed the same laboratory standard pellet. Samples of urine were collected by a gentle pressure on the mouse Mate odour preference across a hybrid zone
belly. They were collected from a minimum of five mice of a given sex and population. Four types of pools of urine were then constituted. For each sex and subspecies, urine from individuals from the two relevant populations was pooled and aliquots of each pool were kept at À20 1C before testing. Six pairs of pools were used in this study. Pooling was aimed to minimize the impact of between-individual heterogeneity of quality as well as that of between-population geographical variation and to maximize their shared genetic background (Penn and Potts, 1998) . Testing was performed blind, that is, the observer did not know the identity of the pools.
Experimental procedure: the testing apparatus The behavioural apparatus was made of transparent Plexiglas and plasticware. It consisted of a Y maze with a main branch that was 5 cm in diameter and 35 cm long. At one end was the start box (35 long Â 23 wide Â 13 cm high) and at the other end were two 25 cm long secondary branches. The angle between the branches was 451 (for additional details see Smadja and Ganem, 2002) .
Behavioural tests
We measured a relative preference for a urinary stimulus by presenting a female or a male mouse with a two-way choice (Wagner, 1998) . Based on considerations of the higher reproductive input of female (that is, pregnancy and lactation) than of male rodents, it is traditionally assumed that mate choice is mainly performed by females. Nevertheless, there is a growing evidence for the cost of breeding in males (Dewsbury, 1982: review studies involving several mammalian species; Drickamer et al. 2003; Gowaty et al., 2003: report studies on the house mouse), and that male house mice can display mate preference (Christophe and Baudoin, 1998; Drickamer et al., 2003; Gowaty et al., 2003; Smadja et al., 2004; Ganem et al., 2005) . Our investigations therefore include both males and females. A pair of stimuli was composed of a M. m. musculus type stimulus and a M. m. domesticus type stimulus. Samples of 10 ml urine were deposited on a 1 cm 2 blotting paper. The blotting papers containing the two stimuli were taped to the ends of the two secondary branches of the Y maze, which were then sealed.
We controlled for laterality by alternating the right and left position of the stimuli between the tests. After each test, the entire apparatus was thoroughly washed with water and a 20% alcohol solution. At the beginning of each test, the mouse was placed in the central box. A few minutes of habituation was allowed before opening the door that connected the box to the Y maze. Recording started when the mouse went through the door. In all tests, the mouse entered the two secondary branches repeatedly, which is expected from a wild mouse. We considered that a mouse was on one side of the Y maze when it crossed the entrance to the secondary branch on that side. Contact with a stimulus was recorded when the individual either sniffed it from a short distance (B1 cm) or licked it. Each test lasted 10 min. The time spent on each side or in contact with each stimulus was recorded using a Psion Organiser and the Observer software (Noldus Information Technology). A total of 217 mice were tested. Each mouse was tested once.
Data analysis
We analysed variation across the hybrid zone of two variables. The first one is preference (R) and was measured by the log-ratio of time spent in contact with
The second variable is time of sniff (T). It was defined as the log of the total time spent in contact with either stimulus (T ¼ Ln(T m þ T d )) and refers to the total attraction of the two stimuli. The sign of the Ln ratio indicated the direction of a choice. A positive value indicated a preference for the M. m. musculus stimulus, whereas a negative value indicated a preference for the M. m. domesticus stimulus. Log-transformed variables were used because they were normally distributed.
We used a clinal model to analyse the variation of the two empirical variables R and T across the hybrid zone. These variables were assumed to be drawn from a normal distribution N(m x , s x ), where m x and s x are functions of distance x across the hybrid zone. More specifically, m x was modelled as m min þ (m max Àm min )p x , where m min and m max measure the mean in each subspecies and p x is a sigmoid function of distance (with maximum slope s and centre c). The variance s x was modelled as p x 2 s 1 þ 2p x (1Àp x )s 2 þ (1Àp x ) 2 s 3 to account for possible difference among individuals from each subspecies far from the centre (s 1 and s 3 ) and hybrids closer to the centre (s 2 ). This model assumes that in each location, the distribution of R (or T) is unimodal (drawn from a simple normal distribution). We first investigated whether the variation of R and T across the hybrid zone differed between males and females. Because some of the mice were tested in the field (101 individuals) and others in the laboratory 4 months after trapping (70 mice in 1998 and 46 mice in 2000), we also investigated whether the variation of R and T across the hybrid zone differed among these different samples. The sex ratio was similar in the samples tested in the field and in the laboratory. Parameters were estimated by maximum likelihood using the Cfit program (available upon request from TL) and specific hypotheses were tested using likelihood ratio tests.
Results
Time of sniff T Duration of sniff does not vary across the hybrid zone for males and females (m max ¼ m min is not rejected in each case P ¼ 0.82 and 0.96, respectively). Males and females spent the same amount of time sniffing (m~¼ m # is not rejected P ¼ 0.20). The only variation that can be detected concerns the variance of T across the hybrid zone for males. It is smaller near the centre of the hybrid zone (s 1 ¼ s 2 ¼ s 3 is rejected Po0.001, but s 1 ¼ s 3 is not rejected P ¼ 0.33). This drop occurs around 5 km on the musculus side, but this position is not significantly different from the centre of the hybrid zone (c ¼ 0 is not rejected P ¼ 0.17). Mean T was not different among samples tested in the field or in the laboratory for males (P ¼ 0.15). It was longer for females tested in the laboratory than in the field (P ¼ 0.003), which may relate to the females being less tractable, possibly due to stress, when tested in the field.
Ratio of preference R Musculus males preferred musculus female odours (m max ¼ 0 is rejected Po0.001) whereas domesticus males preferred domesticus female odours (m min ¼ 0 is rejected P ¼ 0.032), and preference was stronger on the musculus side (see Table 2 ). The transition between these two types of preference appears to be abrupt and shifted B10 km to the musculus side from the genetic centre (c ¼ 0 is rejected P ¼ 0.008; Figure 1 ). At this distance, most individuals (80%) have a hybrid index between 0.6 and 0.9 (Table 1, Figure 3) . The preference score is very variable among the males (s # ¼ 0.77), but this variance is constant across the zone (s 1 ¼ s 2 ¼ s 3 is not rejected P ¼ 0.88). In contrast, the female preference score shows no pattern of variation across the hybrid zone (m max ¼ mmin is not rejected P ¼ 0.88) and is in fact not significantly different from 0 (m ¼ 0 is not rejected P ¼ 0.77). The variance is similar to that found among males, perhaps slightly larger (s~¼ 0.90; s~¼ s # is not rejected P ¼ 0.09) and this variance is fairly constant across the hybrid zone (s 1 ¼ s 2 ¼ s 3 is not rejected P ¼ 0.08). The pattern of variation of R was similar among samples tested in the field or in the laboratory (P ¼ 0.95 and P ¼ 0.85 for males and females, respectively).
Discussion
Male preference for female urinary stimuli from allopatric populations of the two subspecies is positively assortative in the borders of the hybrid zone, which confirms that the urinary signals of the two subspecies have also diverged in allopatry (Smadja and Ganem, 2008) . Moreover, all the allopatric donor populations involved in the present study were sufficiently distant from the hybrid zone that they would not be connected by gene flow. Preference was more marked in musculus males than in domesticus. The asymmetric pattern of preference in the two subspecies was also evident when the odour cues originated from the borders of the hybrid zone (Smadja et al., 2004; Smadja and Ganem, 2005) .
Unexpectedly, female preference was not found to be assortative across the hybrid zone. Although sexually receptive M. m. musculus females had previously been shown to display assortative preference in populations in the border of the Danish contact zone, and assortative preference for local stimuli was detected in samples of only 10 individuals per population (Christophe and Baudoin, 1998; Smadja and Ganem, 2002; Smadja et al., 2004) . We see two possible explanations for the absence of preference in females in this study. The first may be that we did not control for sexual receptivity, which appears to influence preference in house mice in some studies (D'udine and Alleva, 1983; Krackow and Matuschak, 1991; Drickamer, 1992; Rolland et al., 2003) , but not others (Laukaitis et al., 1997) . If expression of preference depends on hormonal characteristics and hence varies with the oestrus cycle, absence of preference in the females may relate to the heterogeneity of our sample. Alternatively, lack of preference may relate to specific characteristics of female perception of the stimuli involved in this study and/or to a lower divergence of the male stimuli in allopatry. It may also be that female assortative preference in the hybrid zone only concerns local odour cues and relies on recognition by association, which could not occur in our study. These latter hypotheses would involve marked differences in the mate recognition system of the sexes. Further investigations would be needed to evaluate these hypotheses, particularly investigations of the variation of preference of sexually receptive females across the zone, and differences between the sexes in the divergence of allopatric versus contact zone signals and attractiveness.
Variance of preference ratio was relatively high everywhere in the zone, which could be explained by measurement error. However, variation could also be explained by the complexity of factors (environmental, social, ontogenetic and genetics) that may influence this behavioural trait. Furthermore, equal variance of preference ratio across the zone may indicate that if different conditions prevail, their impact on preference does not vary across the zone. Moreover, duration of sniff (T), which might constitute an additional index of the attraction of signals (Bímová et al., 2005) , is less variable in the centre as compared to elsewhere in the zone, c is the centre of the cline (in km) and w is the width (inverse of the maximum slope) of the cline (in km). m min and m max are extreme values of mean preference score along the cline and s is the standard deviation of preference score among individuals in a given location. a The value of 10 km is given arbitrarily as values in the range [9, 11.6] are equally likely. On the x axis, x ¼ 0 corresponds to the centre of the hybrid zone defined by Raufaste et al. (2005) ; x40 corresponds to the musculus side of the hybrid zone. The distance values for each trapping site involved in the analysis and average preference per sex and site are presented in Table 1 .
Mate odour preference across a hybrid zone G Ganem et al which suggests higher behavioural homogeneity despite genetic variation. As far as male preference is concerned, the most striking result is that the preference score changes abruptly with a width (inverse of the maximum slope) of 0-3 km and less than 26 km at the most. We cannot usefully compare this estimate with the width of the allozyme clines in the same transect because of the excessive uncertainty. We simply note that the width of the allozyme clines in this hybrid zone ranges from 4 to 21 km with a mean around 9 km (Raufaste et al., 2005) , and hence that the cline width of male preference score is comparable with the narrowest of the allozyme clines. Of particular interest is the shift of the centre of the preference cline B10 km towards the musculus side. A similar shift was observed for two supposedly neutral allozyme loci in this transect (Idh and Sod), and Raufaste et al. (2005) evoked the history of contact as one possible explanation for this shift. Nevertheless, the clines for Idh and Sod did not show the sharp step present in the preference cline. Moreover, the shift of its centre could be simply explained by the genetic basis of the preference.
The trait certainly appears to be polygenic. Indeed, if preference is determined by a single locus with a dominant domesticus allele D, the preference cline would be shifted E0.17w D km (towards the musculus side of the zone) relative to the centre of a cline for D allele that has a width w D . It would also be E1.2 times steeper than the underlying allelic cline. However, a large shift in the position of the centre (0.17w D ) appears to be incompatible with a narrow allelic cline. In effect, under the latter hypothesis, to observe a 10 km shift in the phenotypic cline, the underlying allelic cline would have to be quite wide (around 60 km), which is clearly not the observed width of the preference cline or even that of the allozyme clines. Alternatively, let us assume that n biallelic loci contribute to the preference score that we scale in the range [0, 1] . We note p ¼ 1Àq, the domesticus allele frequency for all loci. Depending on the genotypephenotype map, the preference cline may have a different slope and position from the underlying allelic clines. We will consider four genotype-phenotype mappings. In case (a), each allele acts additively on the character. In case (b), every domesticus allele is dominant at every locus. In case (c), being homozygous for domesticus alleles at any of the n loci causes a domesticus preference (otherwise preference is additive, we will label this case as 'mild epistasis'). In case (d), having a single domesticus allele at any of the n loci causes a domesticus preference ('strong epistasis'). The average preferences can be computed (neglecting linkage disequilibria) to be p, 1Àq 2 , 1Àq n (1 þ p) nÀ1 and 1Àq 2n , respectively. Assuming that allelic clines have a sigmoid shape with a width w, it is then straightforward to compute the shift in the position of the phenotypic cline and its width. If one takes the case of a dominant trait determined by one locus, then the cline of the trait is (assuming random mating) p x 2 þ 2p x (1Àp x ) (p x is the frequency cline of the allele). It is then straightforward to analyse the second derivative of this function to find its maximum slope and position (for instance, assuming that p x has a sigmoid shape). Of course the shift in the position in our example is towards musculus as domesticus alleles are dominant. The result is illustrated in Figure 2 . In case (a) (additive), the preference cline is not shifted and has the same width, no matter the number of underlying loci. In case (b) (dominance), the preference cline is shifted B0.2w km and is narrower (B0.84w), no matter the number of underlying loci. In cases (c) and (d) (mild and strong epistasis), the number of loci matters. In both cases, the shift in the position increases and the preference cline becomes narrower with an increasing number of loci and the effect is more pronounced for strong epistasis. The narrow and strongly shifted preference cline that we observe is therefore consistent with case (c) or (d) and excludes cases (a) and (b). With these different scenarios, we would expect higher genetic variance for preference within than at the edge of the hybrid zone. We do not detect this trend, which may be simply due to the large environmental and error variance, or the influence of epigenetic factors not included in our model. Alternatively, higher genetic variance within the hybrid zone may result in a relatively homogeneous phenotype due to either hybrid dysfunction or increased efficiency in recognition. Furthermore, Christophe and Baudoin (1998) have assessed preference (although not with the same stimuli as those used here) of F1 individuals obtained from crosses between mice at the borders of the Danish hybrid zone. They did not detect a domesticus preference: in their case, F1 preference is non-directional or possibly biased towards musculus. This outcome would be expected in case (c) (because F1 are heterozygous at all loci) but not in case (d). This suggests that preference may be determined by several loci with the effect of loci that are homozygous for the domesticus allele dominating the effect of alleles at other The shift in the position is given scaled to the width of the underlying allelic clines (that is, if the underlying allelic clines are 10 km wide, a scaled shift ¼ 0.5 means that the centre of the preference cline is shifted 5 km towards musculus). The width of the preference cline is also expressed as a fraction of the width of the underlying allelic clines (that is, if the underlying allelic clines are 10 km wide, a scaled width ¼ 0.5 means that the width of the preference cline is 5 km).
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With such a genetic basis, the preference of recombined hybrids in the wild is indeed expected to strongly differ from that of F1, which are heterozygous at all loci, and preference for domesticus to be largely shifted towards the musculus side of the zone. To further confirm our hypothesis would require measuring preference in F1 (that can be obtained in laboratory conditions) for stimuli similar to those used in this study.
In this study, we measured preference, and our discussion relates to this behavioural trait. Nevertheless, if species preference in the house mouse is based on a simple self-referencing mechanism (Todrank et al., 2005) , and preference is assortative, patterns of preference across the hybrid zone might also indicate that most hybrids are characterized by a domesticus-type signal and the shape of the preference cline would also reflect variation of signal characteristics.
Whether the preference or the allozyme clines are considered, when asymmetry is observed, it is always in the direction of more introgression into the musculus side of the hybrid zone. Similar results were reported in several studies involving different locations along the hybrid zone (for a review see Raufaste et al., 2005) , suggesting that the pattern is not explained by local conditions. Progression of M. m. domesticus into M. m. musculus territory is consistent with behavioural observations of dominance of M. m. domesticus mice over M. m. musculus (Thuesen, 1977; Van Zegeren and Van Oortmerssen, 1981) . Consequently, historical or contemporary progression of M. m. domesticus into M. m. musculus territory may best describe the situation in Denmark. Moreover, if reinforcement took place in the Danish hybrid zone (Smadja and Ganem, 2005) , a more marked divergence in M. m. musculus could be the consequence of asymmetry in migration success between the two subspecies due to behavioural dominance of M. m. domesticus type mice even when in the territory of M. m. musculus (see discussion in Smadja et al., 2004) .
The genetics of mate choice is critical to the likelihood of speciation models. However, the analysis of the genetics of mate choice is a complex task, and the scarce information gathered on the subject mainly concerns the fruitfly and the moth (Ritchie and Philips, 1998; Coyne and Orr, 2004; Chenoweth and Blows, 2006) . Moreover, divergence in mate choice was more often found to involve changes at several loci (Coyne and Orr, 2004) than at a single one (Ortiz-Barrientos and Noor, 2005) . Our study provides the first indirect information on a possible genetic determinism of preference in a mammal, and our results suggest the involvement of a polygenic autosomal system with dominance and epistasis. Figure 3 The best-fitted cline of the phenotype-genotype relationship for preference among hybrid genotypes that could account for the pattern of preference of male mice trapped along a transect crossing the Danish hybrid zone. The x axis represents the average frequencies of M. m. musculus alleles (HI). The solid line describes the fitted field data and the grey surface indicates the confidence area reconstructed conservatively by taking into account the uncertainty in the estimates of both the hybrid index cline (from Raufaste et al., 2005) and the preference cline (see Table 2 ).
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